According to the Schiff theorem an external electric field vanishes at atomic nucleus in a neutral atom, i.e. it is completely shielded by electrons. This makes a nuclear electric dipole moment (EDM) unobservable. In this paper an extension of the Schiff theorem to an oscillating electric field is considered. Such field can reach the nucleus and gives a possibility to measure nuclear EDM and to test theories of CP violation. The enhancement effect appears if the field is in resonance with atomic or molecular transition. The shielding by electrons may also strongly affect low-energy nuclear electric dipole transitions in different nuclear reactions.
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times smaller than the nuclear EDM. An additional 2-3 orders of magnitude enhancement appears in nuclei with the octupole deformation [7] however such nuclei (e.g. 225 Ra) are unstable.
The Schiff theorem is also violated by the magnetic interaction [1, 6] however this effect calculated in Ref. [8] is significantly smaller than the effect of the finite nuclear size.
There is no complete shielding in ions. For example, in a molecular ion the shielding factor for the nuclear EDM is (Z i /Z)(M n /M m ), where Z i is the ion charge, Z is the nuclear charge, M n is the nuclear mass and M m is the molecular mass [9] . Recently the measurement in the ionic molecule HfF + was performed in Ref. [10] . However, they measured electron EDM which does not have such shielding factor and actually is strongly enhanced in polar molecules [11] [12] [13] .
There is another interesting feature of the HfF + experiment [10] . To keep the charged molecule in the trap the authors have to use an oscillating electric field. This is not important for the electron EDM measurement since the electron EDM is not shielded. However, for the nuclear EDM the oscillating field makes the shielding incomplete and the difference with the static case may be important. Indeed, the interval between the opposite parity rotational levels δE in molecules is very small (especially in the case of Ω doublets formed by the non-zero electron angular momentum projection Ω on the molecular axis; for HfF + Ω = ±1 ), and the non-zero frequency effect for ω ∼ δE/ may be significant.
Shielding of an electric field by electrons may also strongly affect low-energy nuclear electric dipole transitions. This may happen in photo or electro-excitations of nuclei, in a neutron radiative capture, etc.
In our paper [14] the shielding of the electric field in an ion described by the relativistic Dirac Hamiltonian for electrons have been considered. It was demonstrated that the Schiff theorem for the nuclear EDM is still valid both in the "exact" Dirac equation treatment and in the Dirac-Hartree-Fock approximation if the external electric field is included in the self-consistent equations. This allowed us to perform the Dirac-Hartree-Fock numerical calculations for a static electric field and for an oscillating electric field in Tl + . The screened field E = E 0 + < E e > oscillates in space, has a maximal magnitude E ≈ −3E 0 near the radius of the 1s shell, r = a B /Z (a B is the Bohr radius), and becomes very small near the nucleus. It was concluded that the deviation of the electric field at the nucleus from zero in a neutral system is proportional to ω 2 , where ω is the electric field oscillation frequency. However, there was no formula derived for the shielding factor in the case of the oscillating field. The aim of the present paper is to derive such formula and extend the Schiff theorem to the case of the oscillating electric field.
The Hamiltonian of an atom in an external electric field along the z-axis E z = E 0 cos(ωt) may be presented as
where H 0 is the Schrodinger or the Dirac Hamiltonian for the atomic electrons in the absence of the external field E z , N is the number of the electrons, Z i = Z − N , e = −|e| is the electron charge, z k is the z-axis projection of the electron position relative to the nucleus. We assume that the nuclear mass is infinite and neglect very small effects of the Breit and magnetic interactions. The electric field on the nucleus may be presented as E n = (E 0 + < E e >) cos(ωt), where the electron electric field on the nucleus is
where P z = N k=1 p z,k is the total momentum of the atomic electrons. The second equality follows from the differentiation of the nuclear Coulomb potential in the Dirac or Shrodinger Hamiltonian H 0 since the total electron momentum P z commutes with the electron kinetic energy and the electron-electron interaction. Using the time dependent perturbation theory [15] for the oscillating perturbation D z E z we obtain
The second equality follows from Eq. (3) and the relation
The energy dependent factor may be presented as
The energy independent term 1 in the right hand side allows us to sum over states |n > in Eq. (4) using the closure and then use the commutator relation [P z , D z ] = −ie N . The result is
Using the non-relativistic commutator relation P = im e [H 0 , D z ] (here m is the electron mass) we can express the induced electron field on the nucleus in terms of the atomic dynamical polarisability α zz (ω):
The values of the dynamical polarizabilities are measured and calculated for many atoms, they appear in the expression for the refractive index. There are high precision computer codes for the calculations of the dynamical polarizabilities, see e.g. recent paper [16] . It may be instructive to present the formula for the total electric field amplitude E t at the nucleus using the energy and the polarizabilty in atomic units,ǫ = ǫ e 2 /a b
The numerical values of the polarizabiltyα zz in atomic units often exceed the value of the nuclear charge Z, therefore, the suppression of the field mainly comes from the frequency of the field oscillations in atomic units,ǫ. If
we have the static-type screening of the external field, E 0 + E e = E 0 (1 − N/Z) = E 0 Z i /Z, i.e. the complete shielding of the external field in neutral systems where the ion charge Z i = Z − N = 0.
However, when the frequency increases and approaches the resonance, ǫ 2 = ( ω) 2 ≈ (ǫ 0 − ǫ n ) 2 , the induced electron field may become much larger than the external field amplitude E 0 . This resonance case deserves a separate publication since the physics becomes more complicated there. Here we only give a brief introduction to the problem. To start with, the formulas presented above should include widths of the excited states. If the width is small, the Rabi oscillations between the two resonating states are possible. The time-dependent perturbation theory [15] and the commutator relations presented above lead to the following expression for the resonance contribution to the electric filed at the nucleus for
< E e >= A sin(Ωt) cos(ωt) ,
A =ǫ
. The frequency of these Rabi oscillations Ω is determined by the strength of the external field E 0 but the field on the nucleus does not depend on E 0 and is defined by the electron field which has a scale e/a 2 B = 5.14 × 10 9 V/cm. Again, the suppression of the field at the nucleus ∼ǫ 2 appears if the field oscillation frequency is small.
Calculations of the accurate values of the field on the nucleus for specific systems and designing of possible experiments to measure the nuclear EDM is beyond the scope of this purely theoretical paper and will be done in future publications. A special attention here should be paid to molecules which often have very close rotational levels of opposite parity, therefore, the resonance situation may be achieved using a small value of the frequency of the field oscillations. This work is supported by the Australian Research Council. The author is grateful to Wick Haxton for a discussion of the Schiff theorem effect on the nuclear transitions and to Vladimir Dzuba for the numerical tests of the formula (8) .
